Leaf blades of Crepis capillaris were cultured for one month in the dark on Linsmaier and Skoog's basic agar medium containing indoleacetic acid (IAA) and kinetin, singly or in combination, to examine a relation of plant hormones to organ differentiation.
Leaf blades of Crepis capillaris were cultured for one month in the dark on Linsmaier and Skoog's basic agar medium containing indoleacetic acid (IAA) and kinetin, singly or in combination, to examine a relation of plant hormones to organ differentiation.
On a basal medium, leaf blades showed no morphological changes.
IAA (0. 1-10 ppm) stimulated stronger rooting with an increase of concentration.
Single addition of kinetin initiated adventitious bud on leaf blades isolated from the seedlings grown on basal medium. However, coexistence of IAA and kinetin was required for bud initiation on the leaf blades severed from leaves developing on kinetin medium.
The optimum concentration of kinetin was 0.5 ppm. Kinetin suppressed the rooting at a higher concentration.
Organ formation has been found to occurr in cultured tissues in many plants'-" Skoog and Miller4' 
Material and Methods
A strain of Crepis capillaris stocked in the National Institute of Genetics was used.
The seeds were soaked in 70% ethanol for 2 min, sterilized in 1% sodium hypochlorite for 5 min and washed three repeated times with water, then sown on an agar medium in test tubes.
For germination, the basal medium of Linsmaier and Skoog10 containing organic constituents was used without hormones. For differentiation experiments, IAA and kinetin were added, singly or in combination, to the basal medium (hereafter called IAA, KT or IAA-KT medium, respectively). Agar was used at 0.7% concentration, and sucrose at 3%. The medium was adjusted to pH 5.8 with NaOH ar HCl before autoclaving.
All media were autoclaved twice, each for * Contribution No. 729 from the National Institute of Genetics . ** Biological Institute , Department of Liberal Arts, Shizuoka University, Ooya 836, Shizuoka 420, Japan. 15 min at 2 kgw/cm2 pressure.
Seedlings were grown under continuous light after germination.
The leaf blades were inoculated each into a test tube (16x 110 or 16x 160 mm) and incubated for 1 month at 27° in the dark and examined for differentiation. Thereupon, the containers were transferred, and kept under continuous light in order to stimulate leaf development.
Observations
and Results
Culture of seedling organs.
Various organs of young seedlings grown on basal agar medium for two weeks were cut out, inoculated on IAA (10 ppm) or KT (0.5 ppm) medium, and cultured for one month in the dark. The cultured organs were leaves, cotyledons (both about 3 mm in midrib-length), hypocotyls (2-5 mm) and roots (5-15 mm in length). On KT medium, callus tissues were induced from leaf blades, from which new buds and leaves developed after about one month (Fig. lc) . However, no morphological changes were observed in roots and hypocotyls. Cotyledons were swollen, while further differentiation did not occur. No root formation was observed in all organs examined on KT medium.
On IAA-KT medium, both cotyledons and leaf blades were swollen and became callus tissues, from which new buds and roots developed (Fig. lb) . New bud and leaf development was also found in callus tissues derived from hypocotyls after 2 months' culture.
On IAA medium, a excellent root formation was observed in both cotyledons and leaf blades (Fig. la) , but they scarcely produced new buds. Bud initiation was not found in root-derived tissues cultured on any kinds of media. Briefly saying, leaf blades easily produced new buds and leaves, especially in KT medium or IAA-KT medium.
2. Organ formation from seedling leaf blades. For further study of an effect of IAA and kinetin upon organ formation, only leaf blades of seedlings 5 weeks old were cultured on a medium containing either IAA (1 or 10 ppm) or kinetin (0.5 or 5 ppm). They were also incubated on a medium with 10 ppm IAA plus 0.5 ppm kinetin for one month in the dark. The inoculum of leaf blades were 2.5-3.0 mm in midrib-length and obovate in shape, representing a juvenile stage. The leaf blades were placed pointing the basal part down on the slant agar medium. The results are shown in Table 1 . A high concentration such as 5 ppm of kinetin strongly inhibited callus formation, thus bringing about no differentiation of organs.
1 or 10 ppm IAA intensely stimulated root formation, but no bud initiation occurred.
When IAA concent- ration was appreciably high (10 ppm), the leaf blades became transparent as a whole within 10 to 20 days after inoculation.
Over the veinlets of these leaf blades occurred many protrusions consisting of small cells seemingly meristematic.
Many roots developed later seemed to have originated from some of them. The detail will be reported later.
In contrast, 0.5 ppm kinetin induced the formation of callus and new leaf, but did not stimulate rooting.
In this case, the callus appeared primarily on a basal cut surface of the midrib, and an initiation of adventitious bud occurred from this callus later (Fig. 2) . On IAA-KT medium, the callus growth was intense, and the rooting and bud initiation occurred at a later stage. Namely, in young obovate leaf blades, callus and buds were induced by kinetin (0.5 ppm) and roots were induced by IAA (1, 10 ppm)• 3. Organ formation from secondarily developed leaf blades. As mentioned above, new buds were initiated from leaf blades of a seedling and grew quickly and abundantly on 0.5 ppm KT medium. Differentiation ability of these secondarily developed leaf blades was tested.
As the leaves elongated to several centimeters, the terminal parts of the leaves, 1 cm long, were used for inoculation.
Most of the leaves were serrate in the margin, which may indicate a grade of maturing. One month culture on the media containing varied concentrantions of IAA and kinetin showed the following results (Table 2) . Almost no morphological change was observed in leaf blades on the basal medium and KT medium.
Especially, the result that 0.5 ppm KT medium showed Cultured one month on 0.5 ppm kinetin medium in the dark. i) inoculum leaf ; c) callus originated from the basic part of inoculum ; s) secondarily developled leaves initiated from the callus. Magnification.
x 2.
no effect on the leaf blades seems to be noteworthy. IAA of 0.1 to 10 ppm strongly stimulated root formation but no bud formation.
Kinetin of 0.05 ppm seems to have no effect on leaf formation when used either singly or together with IAA. For bud initiation, the concentration of kinetin was required to be at least 0.5 ppm and the coexistence of more than 0.01 ppm of IAA was needed. The general tendency observed was that kinetin suppressed root initiation more intensely with its increasing concentration, and that an increasing concentration of IAA reduced the inhibitory effect of kinetin.
The effect of kinetin on bud initiation.
To find the optimum concentration of kinetin for bud initiation from the second- Table 2 . Organ formation from cultured leaf blades* of Crepis capillaris. 1 month in the dark. arily developed leafblades, the latter were transplanted on the media containing kinetin at varied concentration of 0.125 to 4 ppm and IAA at a definite concentrationn of 1 ppm. The results are shown in Table 3 . Kinetin concentration ranging from 0.25 to 2 ppm gave fairly distinctive stimulation for new bud initiation.
The most effective concentration of kinetin was 0.5 to 1 ppm. Kinetin of 0.5 ppm producedd much more leaves in test tubes than 1 ppm kinetin.
The leaf blades placed on 4 ppm kinetin medium became soon necrotic.
From these brown-colored leaves, a compact white callus was frequently formed, from which very tiny leaves appeared after a long time. In general, higher concentration (2, 4 ppm) of kinetin seems to suppress an expansion growth of leaves. Also, it was indicated that the higher the concentration of kinetin, the more was the inhibition of rooting.
Discussion
In tobacco callus, the ratio of auxin to cytokinin has been reported to determine the type of differentiation, i. e. shooting and rooting4' In begonia leaf cuttings, the regeneration of bud or root is controlled by photoperiodic treatment and temperature, which are assumed to change the endogenous level of auxin and cytokinin6'7'. An increase of cytokinin level seems to be favorable for bud formation, while a higher auxin level tends to result in rooting.
Exogenous supply of hormones had also similar effects on regenerating ability of the leaf 5'. Reinert and Kusterg' reported that callus and root formation was induced in isolated leaves of Crepis capillaris, when they were cultured on a modified White's medium.
Addition of 1 ppm kinetin to this stimulated callus formation, and bud formation was also observed.
The rooting was suppressed on the medium. In contrast, auxines (1 ppm IAA and 0.01 ppm 2, 4-D) inhibited callus formation and promoted root formation from the leaves. These results were mostly confirmed in the present study.
However, a higher percentage of bud formation was obtained from isolated leaf blades in the present study. As the concentration of kinetin applied was of the same order, the main difference may be due to the composition of mineral salts (White's and Linsmaier and Skoog's) or the proper combination of auxin and kinetin.
Strain and other environmental differences can also be considered.
At any rate, hormones externally supplied appeared to determine the types of morphogenesis in the cultured leaf of Crepis capillaris.
Kinetin stimulated bud initiation and development, but suppressed root formation, while IAA stimulated root formation. These phenomena suggest that hormonal substances are primarily important factors in organ differentiation. As shown in the second experiment, bud initiation was supposed to occur from the callus tissue, which developed from the cut end of main veins of leaf blades on the kinetin medium.
However, 10 ppm IAA stimulated callus growth over leaf veinlets.
This result seems to suggest that the tissues responsible for callus formation are specific for each hormone.
A histological analysis of differentiation processes is under way.
Leaf blades of seedlings grown on a basal medium initiated new buds and leaves when transferred on the KT medium (Table 1) . However, these secondarily formed leaves did not show any morphological response to kinetin alone, and required association of IAA with kinetin for new bud differentiation ( Table 2 ). The pre-incubation medium is assumed to be an important f arctor for the morphogenesis in cultured leaf blades.
The best medium for bud formation was that which contained 0.5 ppm kinetin; 
